Abstract: Background: Minimally invasive plate osteosynthesis (MIPO) technique is one of the many options for the fixation of diaphyseal fractures of the shaft of humerus using the anterior approach. We evaluated the clinical, radiographic, and functional outcome using the MIPO technique to fracture shaft of humerus. Materials and Methods: 64 adult patients with diaphyseal fractures of the humerus treated with MIPO between 2014 February and October 2016 were included in the study. Patients with metabolic bone disease, polytrauma, and Gustilo and Anderson type 3 open fractures with injury severity score >16 were excluded from the study. All cases were treated with closed indirect reduction and locking plate fixation using the MIPO technique. The surgery time, radiation exposure, and time for union was noted. The shoulder and elbow function was assessed using the UCLA shoulder and Mayo elbow performance scores, respectively. Results: Of the 64 patients in the study, 38 were males and 26 were females. The mean age was 39 years (range: 22-70 years). 40 of the 64 (84.3%) had the dominant side fractured. We had 16 cases of C2 type; 10 cases of C1 and 10 cases of A2 type; 8 cases of B2 type; 6 cases each of B3, B1, and A1 type; and 2 cases of A3 type of fracture. The mean surgical time was 94.5 minutes (range: 70-120 minutes) and mean radiation exposure was 160.3 seconds (range: 100-220 seconds). The mean radiological fracture union time was 12.9 weeks (range: 10-20 weeks). Shoulder function was excellent in 54 cases (84.3%) and good in remaining 10 cases (15.6%) on the UCLA score. Elbow function was excellent in 52 cases (81.2%), good in 10 cases (15.6%), and fair in 2 case (3.1%) who had an associated olecranon fracture that was fixed by hook plate in the next sitting.
Introduction
Humeral shaft fractures constitute around 3-5% of all fractures [19] . Open reduction and internal fixation (ORIF) is the gold standard for surgical treatment. The advantages include anatomical reduction of fractures and less interference to elbow and shoulder function [1, 2] . Disadvantages of this technique are extensive soft tissue stripping and disruption of periosteal blood supply, and hence the risk of non-union. Iatrogenic radial nerve palsy is another major disadvantage [3, 4] We aimed at adequate healing and early functional rehabilitation of the limb though compromising precise reduction and absolute stable fixation. Stable mechanical fixation requires precise reduction and opening of the fracture site. It heals by primary intention which is biologically inferior to healing by a secondary intention with the preservation of the fracture haematoma causing minimal soft tissue injury [5, 6] . With progressive improvements over the years in the surgical techniques, the conservative methods of reduction and stabilisation have given way to internal fixation with the plate and screws despite their drawbacks [7, 8] There has been evidence to show the superiority of biological fixation over a stable mechanical fixation. [9] This lead to the development and improvement in the techniques of biological fixation for fractures and also the development of stabilization systems that help in achieving a biological fixation, [10, 11] The minimally invasive plate osteosyntesis (MIPO) of humerus shaft fracture has shown promising results recently. [12] [13] [14] [15] 
Materials and Methods
64 diaphyseal fractures of humerus were treated with MIPO technique, in a prospective study between February 2014 and October 2016 at our centre. The cases were followed up for a minimum period of 2 years at department of orthopaedics, mgm medical college and hospitals , navi Mumbai .
The inclusion criterion was displaced diaphyseal fracture of humerus between 21 and 75 years and who consented to participate in the study. The operative procedure was performed within 5 days of the injury. Patients with metabolic bone disease, polytrauma, and Gustilo and Anderson type 3 open fractures with injury severity score >16 were excluded from the study. All cases were treated with closed indirect reduction and locking plate fixation using the MIPO technique. The surgery time, radiation exposure, and time for union was noted. The shoulder and elbow function was assessed using the UCLA shoulder and Mayo elbow performance scores, respectively 
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Operative procedure
The supine position was given under general anesthesia, with the arm abducted to 90° and the forearm in full supination. The image intensifier was positioned on the same side of the operating table as the arm to be operated. Then 3-cm incision between the proximal biceps and medial border of the deltoid, 6 cm distal to the anterior part of the acromion process was made. Dissection was carried to the humerus. Distally, a 3-cm incision was made along the lateral border of the biceps, approximately 5 cm proximal to the flexion crease. The site of incision was confirmed under the image intensifier and altered, if necessary, to be as far as away as possible from the fracture site. The biceps was retracted medially to expose the musculocutaneous nerve,and which overlies the brachialis muscle. The brachialis muscle was split and the musculocutaneous nerve retracted medially, and the radial nerve was protected by the lateral half of the brachialis muscle. A sub-brachialis, extra-periosteal tunnel was created by passing an artery forceps, used as the tunneling instrument, deep to the brachialis muscle from the distal to the proximal incision. And care was taken to pass the tunneling instruments anteriorly or anteromedially to avoid chances of injury to the radial nerve. After creating the tunnel, the LCP of the template length was passed through the tunnel. The plate position and reduction was visualized on the image intensifier. Manual traction was applied to restore the length and correct varus/valgus angulation and rotation. The plate was temporally fixed to the bone with 2.0-mm K-wires. Ensuring that the position of the plate on the distal fragment was the central, it was fixed with a locking screw and, similarly, the proximal fragment was also fixed. After confirmation of the reduction alignment, the fixation was completed with a minimum of two screws in both fragments. Deciding the appropriate amount of force to be used for manual traction to achieve adaptation of the fragments was not easy at first; this was something we had to slowly master as the study progressed. The rotational deformity was minimized using the "cortical step sign" and the "diameter difference sign" described by Krettek.[18] None of the patients required bone grafting or bone substitute at primary surgery. The operative time (defined as the time, from the skin incision to wound closure) and duration of radiation exposure (in seconds) was recorded though the doses were not calculated.
Post Operative care
Immobilisation was done with the arm-pouch. Mobilisation is started as soon as the pain permitted the patient to do so. Simple pendulum exercises were adviced after post operative day 3. The patients were followed up as per protocol. The union time based on callus formation at the fracture site as per radiological follow-up with anteroposterior and lateral views were noted. Union was considered achieved with the presence of bridging callus in three of the four cortices seen on the anteroposterior and lateral radiographs and clinically, by abscence of pain at the fracture site. Functional assessment of shoulder and elbow were done using the UCLA Score and MEPI Score, respectively [19, 20] with due care to note any of the possible post-operative complications. The patients were followed up and reviewed at monthly intervals for the initial few months till the callus formation and fracture union, then once every 3 months till 18 months. The grading of UCLA shoulder score was followed as per the standards as excellent (34-35 points), good (29-33 points), fair (21-28 points), and poor (0-20 points). Function of elbow was graded on the basis of MEPI Score into excellent (≥90 points), good (75-89 points), fair (60-74 points), or poor (<60 points).
Radiographic measurements were performed on standard anteroposterior and lateral radiographs to assess fracture union or for any potential loss of fracture reduction. Union was defined as the absence of pain and the presence of bridging callus in three of the four cortices seen on the anteroposterior and lateral radiographs
Results
The mean age was 39 years (range 22-70 years). 38 (59.3%) were males and 26 (40.6%) females. 54 cases (84.3%) had injury in their dominant arm. We had16 cases of C2 type;10 cases of C1 and A2 type; 8 cases of B2 type; 6 cases of B3, B1, and A1 type; and 2 case of A3 type of fractures. Road traffic accident was the most common mode of injury, being reported by 52 (81.2%) cases; the rest sustained injury following fall on an outstretched hand (8 cases) and direct trauma (4 cases). The mean surgical time was 91.5 minutes (range: 70-120 minutes) and the mean radiation exposure was for 160.3 seconds (range: 100-220 seconds). We accepted up to 5° of varus/valgus angulation intraoperatively and on following these patients up, in 50 (78.1%) of the cases the angulation had remodeled to correct alignment. In the remaining 14 cases, 4 had 3° of varus, 6 had 3° valgus, and 4 case had 5° varus angulation at the end of 2 years; however, this did not affect their functional outcome. 
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Discussion
Minimally invasive technique for fracture treatment has evolved based on the idea that with the preservation of fracture haematoma and the vascularity around the fracture site, new bone is layed down in the form of callus, a fact which was recognised by Albrecht Haller's (1708-1777) [13] led to the success of the MIPPO technique for fracture fixation at other sites and lies in the fact that using long plates across zones of extensive fracture fragmentation with only few screws on either side of the fracture which withstands considerable deforming forces, though the tension side for shaft of humerus and the expected placement of the plate lies posteriorly where the plate should be placed, according to principles. The idea has evolved from the knowledge of the fact that with minimal stress per unit area, the bending stllowing successful fixation as the construct becomes elastic [20, 21] . MIPPO is technically demanding and needs intraoperative imaging in order to obtain adequate fracture alignment. Scarring of brachialis muscle and inadequate postoperative rehabilitation, contribute to limited elbow range of motion. Long plates used to bridge an extensive zone of fragmentation with only short fixation on either end of the bone can achieve union at the fracture site by callus formation provided the fracture haematoma is undisturbed. This process is augmented by micromotion at the fracture site. union. The potential to remodel is much higher after secondary bone healing following MIPPO fixation and fracture unionThe brachialis muscle covers the humerus anteriorly and protects the radial nerve from injury when a plate is inserted submuscularly . The radial nerve follows a fixed course, anatomically [5] According to Apivatthakakul et al. [12] "when a plate is placed on the anterior side of the humeral shaft, the mean distance from the closest part of the plate to the radial nerve is 3.2 mm. and on pronation of the forearm, the radial nerve was noted to move medially closer to the distal end of the plate and was at risk of iatrogenic injury". For this reason, the supination position of the forearm should be maintained during the entire procedure. The study of postoperative ultrasonographic measurement of the distance between the radial nerve and the implant used in the MIPPO technique by Livani et al. substantiates this fact [22] . There was no case of superficial or deep infection in our study. Concha et al.
[23] studied a series of 35 patients who underwent MIPO for humerus shaft fractures and reported the occurrence of only one deep and one superficial infection, which represents a 6% infection rate. According to Hadhoud MM. Et al. [24] there was no infection in the MIPO group.
Conclusion
MIPO is a complex technique, requiring arelatively long learning curve. However, the results are good and reproducible and there are few risks. The plate placement and indirect reduction requires experience though MIPPO after anterior approach is the safe and reproducible option and also respects the principles of biological fixation with minimal soft tissue dissection, preserves fracture haematoma and periosteal blood supply, and is more forgiving in comminuted fractures of the diaphysis. Fracture union in complex fractures is achieved easily and in shorter operative time with less risk of infection.
